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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is related to the following co-pending applications: (1) U.S. 
patent application serial no. 09/454.139, attorney docket no. 25791.03.02, filed on 
5 12/3/1999. (2) U.S. patent application serial no. 09/5 10,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent ^plication serial 
no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
10 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791 .12.02. filed on 2/24/2000, (7) U.S. patent sq)plication serial no. 09/51 1,941, 
attorney docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application 
serial no. 09/588.946. attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559^122, attorney docket no. 25791.23.02, filed on 
15 4/26/2000. (1 0) PCT patent appUcation serial no. PCT/USOO/l 8635. attorney docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29. 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
20 attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 

application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
25 patent application serial no. 60/165.228, attorney docket no. 25791 .39, filed on 

1 1/12/1999. (18) U.S. provisional patent s^jplication serial no. 60/221,443. attorney 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application • 
serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,638, attorney docket no. 25791.47. 
30 filed on 9/1 8/2000, and (2 1) U.S. provisional patent appUcation serial no. 
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60/237,334, filed on October 2, 2000. Applicants incoiporate by reference the 
disclosures of these ^jplications. 

Background of the Invoition 
This invention relates geno-ally to wellbore casings, and in particular to 
wellbore casings that are famed using rarpandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole interval is lowered thicugh a previously installed 
casing of an upper borehole interval. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested arrangement with casing diameters decreasing in . 
downward directioa Cement annuli are provided between the outer surfaces of the 
casings and the borehole waU to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
rig time is involved due to required cement punpmg, cement hardening, required 
equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large vohme of cuttings drilled and removed. 

The present invention is directed to overcoming one or mw? of tfie 
limitations of the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diametw. 
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According tp another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone 
coupled to the tubular support member having a second fluid passage fluidicly 
5 coupled to the first fluid passage and an outer conical surface, a removable annular 
conical sleeve coupled to the outer conical surface of the expansion cone, an annular 
expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. According to another aspect of the present invention, a 
10 method ofplastically deforming and radially expanding a tubular member is 

provided that includes plastically defomiing and radially expanding a portion of the 
tubular member to a first outside diameter, and plasticaUy deforming and radially 
expanding another, portion of the tubular member Id a second outside diameter. 

According to another aspect of the present invention, a mefliod of coupling a 
first tubular member to a second tubular member is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 
the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic defonnations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means 
for plasticaUy deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of flie first tubular member to a second outside diameter, 
30 means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and means for plastically defonning and radially expanding the 
second tubular member to a fourth outside diameter. The inside diametere of the 
first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a ftibular member within the wellbore, means for plasticaUy deforming 
and radially expanding a first portion of tiie tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second 
portion of the hibular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
forining a >yeUbore casing within a wellbore is provided lhat includes a hibular 
support member including a firet fluid passage, an expansion cone coiq)led to the 
hibular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, a removable annular conical sleeve 
coupled to the outer conical surface of the expansion cone, an annular expansion 
cone launcher coupled to the conical sleeve and a lower portion of the tiibular 
member, and a shoe having a valveable passage coupled to an end of the expansion 
20 cone laundier. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a weDbore is provided that includes supporting a tiibular 
member within a wellbore, plastically deforming and radially expanding a portion of 
the nibular member to a first outside diameter, and plastically deforming and 
25 radially expanding anotiier portion of the tiibular member to a second outside 
diameter. 

According to another aspect of the present invention, a method of forming a 
mono^ameter wellbore casing within a wellbore is provided fliat includes 
supporting a first tubular member within the wellbore, plastically deforming and 
30 radially expanding a first portion of the first tiibular member to a first outside 
diameter, plastically deforming and radially expanding anoAer portion of the first 
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tuburar member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 
the first tubular member, plastically deforming and radiaUy expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions arc substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means 
for plastically defomiing and radiaUy expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member m 
overlapping relation to the first portion of the first tubulai member, means for 
1 5 plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

20 According to another aspect ofthe present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes means for providing a lipped portion in a portion of Ae tubular member, 
and means for plastically deforming and radially expanding another portion of the 
tubular member. 

25 According to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
inchides a tubular support member including a first fluid passage, an expansion cone 
. coupled to the tubular support member having a second fluid passage fluidicly 
coupled to the first fluid passage and an outer conical surfece. an annular expansion 

30 cone launcher including: a first annuhir portion coiq>led to a lower portion of the 
tubular member, a second annular portion coupled to the first annular portion that 
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mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diaineter, and a fourth 
annular portion coi^led to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

5 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone laundier. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes 
providing a lipped portion in a portion of the tubular member, and plastically 
defwming and radially expanding anoflier portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes providing 
a lipped portion in a portion of the first tubular member, plastically deforming and 
radially e^qjanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to tbe 
lipped portion of the first tubular member, and plastically deforming and radijdly 
expanding the second tubular member. The inside dianieters of the first and second 
tubular memb»s afta- the plastic deformations and radial expansions are 
substantially equal. 

According to aiiother aspect of flie presaat invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for providing a lipped in the first tubular member, means for 
plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the Upped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the iirst and second tubular members after the plastic 
defonnations and radial expansions are substantially equal. 

According to another aspect of the present invention, an ^jparatus for 
forming a wellbore casing within a weUbore is provided that includes means for 
supporting a tubular merahCT within the wellbore, means for providing a lipped 
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portion in the tubular member, and means for plastically defonning and radially 
expanding another portion of the tubular member to a second outside diameter. 

According to afiother aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tubular support mernber having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the mbular member, a 
second annular portion coupled to the first annular portion that mates with the outer 
conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled 
to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a ^^veable 
passage coupled to fourth annular portion of the expansion cone launcher. 

15 According to another aspect ofthe present invention, a method of forming a 

wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, 
and plastically defonning and radially expanding another portion of the tubular 
membo*. 

20 According to anodier aspect of the present invention, a method of forming a 

mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, providing a lipped portion in 
a portion of the first tubular member, plastically deforming and radiaUy expanding 
another portion of the first tubular member, positioning the second tubular member 
inside the first tubular member in overiapping relation to the lipped portion of the 
first tubular membw, and plastically defonning and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
flic plastic deformations and i^dial expansions are substantially equal. 

According to another aspect of the present mvention, an iq>paratus for 
fonning a mono-diameter wellbore casing within a wellbore is provided that 
includes means for providing a lipped in the first tubular member, means for 
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plastically deformmg and radially expanding another portion of tbe.first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes means for plastically deforming and radially expanding a first end of the 
tubular member, and means for plastically deforming and radiaUy expanding a 
second end of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a. tubular member is provided that 
includes a tubular support member including a first passage, an expansion cone 
coupled to the tubular support having a second passage fluidicly coupled to the firet 
passage and an outer conical surfece, an annular expansion cone launcher movably 
cx)upled to outer conical surface of the expansion cone, an expandable tubular 
member coi^led to an end of the amiular expansion cone launcher, a shoe coupled 
to another end of ihe annular expansion cone launcher having a valveable fluid 
passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of plasticaDy 
deforming and radially expanding a tubular member is provided that includes 
plastically deforming and radially expanding a first end of the tubular member, and 
plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, plastically defonning and radially expanding the end of the 
second tubular member that overlaps with the first tubular member, and plasticaUy 
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deforming and radially ocpanding tiie remaining portion of the second tubular 
mwnbw. 

According to another aspect of the present invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the secpnd tubular member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
suHwrting a tubular membw within the wellbore, means for plastically defaming 
and radially expanding a first end of the tubular member, and means for plastically 
deforming and radially expanding a second end of the tubular member. 

According to anoflier aspect of Ae present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided fliat includes a tubular 
siq)port memba- including a first passage, an expansion cone coiq)led to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer 
conical surface, an annular expansion cone launcher movably coiq)led to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The 
annular expansion cones are positioned in opposite oriaitations. 

According to another aspect of the present invention, a method of fonning a 
wellbore casing within a wellbore is provided fliat includes plastically deforming 
and radially expanding a first end of the tubular member, and plastically deforming 
and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a methoil of forming a 
wellbore casing wiAin a wellbore I's provided fliat includes plastically deforming 
and radially expanding a first tubular member within the weUbore, positioning a 
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second tubular member inside the first tubular member in an overlapping 
relationship, pl astically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and plastically 
deforming and radially expanding the remaining portion of the second tubular 
rnemb^. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
plastically deforming and radially expanding a first tubular member within the 
wellbore, means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for 
15 bridging an axial gap between opposing pairs of wellbore casing within a weUbore is 
provided that includes means for supporting a tubular member in overl^g 
relation to the opposing ends of the wellbore casings, means for plastically 
deforming and radially expanding the tubular member, and 
means for plastically deforming and radially expanding the tubular member and the 
20 q^sing ends of die wellbore casings. 

According to another aspect of the present invention, a method of bridging 
axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes supporting a tubular member in overlapping relation to the opposing 
ends of fte wellbore casings, plastically deforming and radially expanding the 
25 tubular member, and plasticaUy deforming and radially expanding the tubular 
membea- and the opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of forming 
structure having desired strength characteristics is provided that inchides providing 
first tubular member, and plastically defoiming and radially expanding additional 

30 tubular members onto the interior surfeceofthe first tubular member until the 
desired strengfli characteristics are achieved. 
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Accarding to another aspect of the present invention, a method of forming a 
wellbore casing within a weHbore having desired strength ch^cteristics is provided 
that includes plasticaUy deforming and radially expanding a first tubular member 
within the wellbore, and plastically deforming and radially expanding additional 
tubular members onto the interior surface of the first tubular member until the 
desired strength characteristics arc achieved. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original waU thickness to. is provided that 
includes plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically defonning and radially 
expanding another portion of the first tiibular member to a second outside diameter, 
positioning Ae second tubular member inside the first tiibular member in 
overlapping relation to the first portion of the first tiibular member, plastically 
deforming and radially expanding the second tiibular member to a third outside 
diameter, and plastically deforming and radially expanding the second tiibular 
member to a fourth outside diameter. The inside diameters of tiie first and second 
tiibular members after the plastic deformations and radial expansions are 
substiintially equal, and the ratio of the original outside diameter ODo of the first 
tiibular member to the original waU thickness to of the first tiibular member is greatisr 
than or equal to 16. 

According to another aspect of the present invention, a method of fonning a 
mono-diameter wellbore casing is provided that includes positioning a first tiibular 
member within a wellbore, the first tiibular member having an original outside 
diametisr ODo and an original wall thickness to. plastically deforming and radially 
expanding a first portion of the first tubular member to a first ouUride diameter, 
plastically deforming and radiaUy expanding another portion of the first tiibular 
member to a second outside diameter, positioning the second tiibular member inside 
the first tiibular member in overlapping relation ti) the first portion of the first 
tiibular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plasticaUy deforming and radially 
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expanding the second tubular member to a fourth outside diameter. He inside 
diameters of the first and second tubular members after the plastic defomiations and 
radial expansions are substantially equal, and the ratib of the onginal outside 
diameter ODo of the first tubular member to the original wall thickness to of Ae first 
5 tubular member is greater than or equal to 16. 

According to anofter aspect of the present faivention, an apparatus is 
provided that includes a plastically defomied and radially expanded tubular member 
having a first portion having a first outside diameter and a remaining portion having 
a second outside diameter. The ratio of the original outside diameter ODo of the first 
10 tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially expanded first tubular 
member having a first portion having a first outside diameter and a remaining 
15 Portionhavingasecondoutsidediameter.andaplasticallydeformedan^ 

expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
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According to another aspect of the present invention, a wellbore casing 
fomied in a wellbore is provided that includes a plastically deformed and radially 
expanded first tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter ODo of the 
first tubular member to the original wall thickness io of the first tubular member is 
greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically defonned and radially expanded tiibular member. 
30 The ratio of the original outside diameter ODo of the tubular member to the original 
wall thickness to of the tubular member is greater than or equal to 16. 
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Brief DescriptiOTi of the Drawing 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of 
5 an apparatus for radiaUy expanding a tubular member into the wellbore of Fig. la. 
Fig. Ic is a cross-sectional illustration of the injection of fluidic materials 
through the ^paratus of Fig. 1 b. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 1 c. 
1 0 Fig. 1 e is a cross-sectional illustratian of the pressurization of the region 

below the expansion cone of the ^aratus of Fig. Id. 

Fig. If is a cross-sectional Ulustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 1 e. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cane of the apparatus of Fig. If following the removal 
of the over-»cpansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 1 g. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 
20 the wellbore below the apparatus of Fig. Ih. 

Fig. ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondaiy radial expansion of 
the other expandable tiibular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustiation of the completion of the secondaiy 
radial expansion of the other expandable tiibular member of Fig. Ik to foim a mono- 
diameter wellbore casing. 

Fig. 2a is across sectional iUustoation of a wellbore mcluding a preexisting 
wellbw* casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of 
an apparatiis for radially expanding a tiibular member into the wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of die jq)paratus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below flie expansion cone of flie apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 2f 

Fig. 2h is a cross-sectional illustration of the drilling out of anew section of 
the wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the iq>paratus of Fig. 2h. 

Fig. 2j is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig. li 

Fig. 2k is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other expandable tubular member of Fig. 2j to form a mono- 
diameter wellbore casing. 

Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b ilhistrating 
the design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the 
over-expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
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Fig. 5a is a cross-sectional iUusttation of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of flie formation of a new section of 
30 wellbore casing in the wellbwe of Fig. 5a. 
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Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional iUustration of the inflation of the 
inflatable bladder of Fig. 5c. 

5 Fig. 5e is a cross-sectional illustration of the new section of wellbore casing 

of Fig. 5d after over-expansion. 

Fig. 5f is a CToss-sectional illustration of the new section of wellbore casing 
of Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional iUustration of the formation of a mono-diameter 
1 0 wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 6a is a cross-sectional iUustration of a wellbore including a preexisting 
weUbore casing. 

Fig. 6b is a cross-sectional illustration of the formati wi of a new section of 
1 5 wellbore casing in Ae wellbore of Fig. 6a. 

Fig. 6c is a fragmentary a-oss-sectional illustiation of the placement of a 
roller radial expansion device into the new section of tiie wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of tiie formation of a mono-diameter 
weUbore casing that includes the new section of the weUbore casing and an 
additional section of wellbore casing. 

Fig. 7a is a cross sectional ilhistration of a wellbore including a preexisting 
weUbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of 
an apparatiis for radiaUy expanding a tiibular member into Ihe wellbore of Fig. 7a. 
Fig. 7c is a cross-sectional ill»isti»tion of the injection of fluidic materials 
30 through the apparatiis of Fig. 7b. 
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Fig. 7d is a cross-sectional illusHation of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional iUustration of thepressurization of the region 
below flie expansion cone of the apparatus of Fig. 7d. 
5 Fig. 7f is a cross-sectional illustration of the continued pressurization of the 

region below tiie expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of 
10 the wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the conq>letion of the radial 
expansion of another expandable tubular member to form a monoKhameter wellbore 
casing. 

Fig. 8a is cross-sectional ilhistration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional ilhistration of the placement of an apparatus for 
radially expandmg a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials 
through the aiq)aratus of Fig. 8b. 

Fig. 8d is a cross-sectional iUustration of the injection of a hardenable fluidic 
sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional Ulustration of the isolation of the region below the 
expansion cone and withm the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the iq>per expansion 
cone from the wellborn of fig. 8f. 

Fig. 8h is a cross-sectional illustration of flie continued pressurization of flie 
region below the expansion cone of the apparatus of Fig. 8g to ther«*y plastically 
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deform and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig. 8i is a cross-sfectional iUusiiation of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 
5 Fig. 8j is a cross-sectional illustration of the further radial expansion of the 

apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and 
lower preexisting wellbore casings that arc separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
10 the qjposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a 
radial expansion device into flie tubular member of Fig, 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 
15 Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 

the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radiaUy expanded tubular members along at 
least a portion of the its length. 

Fig. 1 1 a is a cross-sectional illustration of a wellbore including a casing 
formed by plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb is a cross-sisctipnal illustration of a wellbore including anotfaa 
casing coupled to the preexisting casing by plasticaUy defoiming and radially 
expanding a second tubular member. 
25 Fig. lie is a cross-sectional illustration of a mono^ameter wellbore casing 

fonned by radially expanding the second tubular member a second time. 

Detailed Desoiption 
Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
30 apparatus may be used for form or repair mono-diameter wellbore casings, 
pipelines, or structural supports. Furthermore, while the present illustrative 
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embodiments are described with reference to the formation of mono-diameter 
wellbore casings, the teachings of the present disclosure have general !q>plication to 
the formation or repair of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a weUbore 10 includes a preexisting wellbore 
5 casing 1 5. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 15 may be coupled to the upper 
portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, the wellbore casing .15 is coupled to the upper portion of the 
wellbore 1 0 using one or more of the methods and apparatus disclosed in one or 
10 more of the following: (1) U.S. patent application serial no. 09/454.139, attomey 
docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 
09/510.913. attomey docket no. 25791.7:02. filed on 2/23/2000. (3) U.S. patent 
appHcation serial no. 09/502.350, attomey docket no. 25791.8.02, fUed on 
2/10/2000. (4) U.S. patent application serial no. 09/440.338, attomey docket no. 
15 25791.9.02, filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attomey docket no. 25791.1 1 .02, filed on 3/10/2000, (6) U.S. patent q^Kcation 
serial no. 09/5 12,895. attorney docket no. 25791 . 12.02. filed mi 2/24/2000. (7) U.S. 
patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
20 25791.17.02, filed on 6A7/200O, (9). US. patent application serial no. 09/559,122, 
attomey docket no. 25791 .23.02, filed on 4/26/2000. (10) PCT patent application 
serial no. PCT/USOO/1 8635, attomey docket no. 2579 1 .25.02. filed on 7/9/2000. 
(1 1) U.S..provisional patent application serial no. 60/162,671, attomey docket no. 
2579127, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
25 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attomey docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039. attomey 
docket no. 25791.36. filed on 10/12/1999. (15) U.S; provisional patent iqiplication 
serial no. 60/159.033, attomey docket no. 2579i.37, filed on 10/12/1999, (16) U.S. 

30 provisional patent application serial no. , attomey docket no. 

25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
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60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent appbcation serial no. 

_ , attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incoiporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concenlrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubular 
membermaythen be positioned within the weUbore 10. Thcappaiatus 100 includes 
a tubular support member 1 05 defining a passage 1 1 0 for conveying fluidic 
materials. An expansion cone 1 15 defining a passage 120 and having an outer 
conical surface 125 for radially expanding tubular members is coupled to an end of 
the tubular support member 105. An annular conical over-expansion sleeve 130 
mates with and is removably coupled to the outer conical surface 125 of die 
expansion cone 1 15. In several alternative embodiments, the over-expansion sleeve 
1 30 is fabricated W fi-angible materials such as. for example, ceramic materials, in 
order to facilitate the removal of the over-expansion sleeve during operation of the 
20 apparatus 100. In this manner, the amount of radial expansion provided by the 
apparatus may be decreased following the removal of the over-expansion sleeve 
130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 1 15 and the over-expansion sleeve 130. TTie expansion cone 
25 launcher 135 include an upper portion having an upper outer diameter, an 

intermediate portion that mates with the expansion cone 115 and the over-expansion 
sleeve 1 30, an a lower portion having a lower outer diameter. The lower outer 
diameterisgreaterthantheupi)erouterdiameter. A shoe 140 defining a valveable 
passage 145 is coupled to the lower pbrtion of the expansion cone launcher 135. In 
a preferred embodiment, the valveable passage 145 may be controllably closed in 
order to fluidicly isolate aregion 150 below the expansion cone 1 15 and bounded by 



30 



19 



the lower portion of the expansion cone launcher 135 and the shoe 140 from the 
region outside of the apparatus 1 00. 

An expandable tubular member 155 is coupled to the iqjper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
5 coupled to the exterior of the upper portion of the expandable tubular member 1 55, 
In several alternative embodiments, the sealing members 160a and 160b may 
include elastomeric elements and/or metallic elements and/or composite elements. 
In several alternative embodiments, one or rbore anchoring elements may substituted 
for , or used in addition to, the sealing members 1 60a and 1 60b. 
10 In a preferred embodiment, the support member 105, the expansion cone 1 1 5, 

the expansion cone launcher 1 35, the shoe 140, and the expandable tubular member 
1 55 are provided substantially as disclosed in one or more of the following: (i ) U.S. 
patent application serial no. 09/454,139. attorney docket no. 25791.03.02, filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
15 25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350. 
attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S: patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 25791 . 1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
[) 25791.12.02, filed on 2/24/2000, (7) U.S. patent plication serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946. attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attomey docket 
■> no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791.29. 
filed on 9/16/1 999, ( 13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attomey docket no. 
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25791. J7. filed on 10/] 2/1999, (16) U.S. provisicmal patent ^licatitm serial no. 

■ , attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165,228. attomey docket no. 25791.39, 
filed on 1 1/12/1999, (1 8) U.S. provisional patent application serial no. 

, attorney docket no. 2579 1 .45, filed on 7/28/2000, (1 9) U.S. 

provisional patent application serial no. attorney docket no. 

25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application serial no. 

attorney docket no. 25791.47, filed on 9/18/2000. the disclosures 

of which are incorporated herein by reference. 

As illustrated in Fig. lb. in a preferred enAodiment, during placement of the 
apparatus 100 within, the wellborn 10. fluidic materials 165 within the wellbore 10 
are conveyed through the apparatus 100 through the passages 110. 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
oftheqjparatus 100 within the wellbore lOaiereduced. In a preferred embodiment, 
the apparatus 100 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 155 overlaps with the preexisting casing 1 5. In this 
manner, the .upper portion of the expandable tubular member 155 may be radially 
expanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 
the expandable hibular member 1 55 will vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through 
the apparatus. 100 through the passages 1 10, 120. and 145 in order to test flie proper 
operati'on of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 1 75 may then 
be injected through the ^paratus 100 through the passages 110, 120 and 145 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 nay be form'ed around the 
radially expanded expansion cone launcher 135 and expandable mbular member 
155. The hardenable fluidic sealing material may include, for example, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1 75 may be omitted. In several ahemative embodiments, the 
hardenable fluidic sealing material 1 75 is tompressible, before, during and/or after, 
the curing jn'ocess. 

5 As iUustrated in Fig. 1 e, a non-hardenable fluidic material 180 may then be 

injected into the apparatus through the passages 1 10 and 120. A ball plug 1 85. or 
other similar device, may then be injected with the fluidic material 180tothereby 
seal off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 

10 As aiustrated in Fig. If. the continued injection of the fluidic material 180 

into the apparatus 100 causes the expansion cone launcher 135 and expandable 
tubular member 155 to be plastically defonned and radially expanded off of the - 
over-expansion sleeve 1 30. In this manner, the expansion cone 1 1 5 and over-, 
expansion sleeve 1 30 are displaced relative to the expansion cone launcher 135 and 

1 5 expandable tubular member 1 55 in the axial direction. 

After a predetermined time period and/or after a predetermined axial 
displacement of the expansion cone 1 15 relative to the expansion cone launcher 135 
and expandable tubular member 155. the over-expansion sleeve 130 may be 
removed fiiom the outer conical surfece 125 of the expansion cone 1 15 by the 
20 plication of a predetermined upward shock load to the support member 105. In a 
prefared embodiment, the shock load causes the frangible over-expansion sleeve 
130 to fracture into small pieces ttiat are then forced off of the outer conical surface 
125 of the expansion cone 1 15 by the continued pressurization of the region 150. In 
a preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized 
into graihs of material by the continued pressurization of the region 150. 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member 1 55 to be plastically deformed and radiaUy expanded and extruded 
offofihe outer conical surface 125 of the expansion cone 115. Note that the amount 
of radial expansion provided by the outer conical surface 125 of expansion cone 1 15 
is less than the amount of radial expansion provided by the combination of the over- 
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expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated in 
Fig. Ih, a recess 185 is formed in the radially expanded tubular member 155. 

After conq)leting the plastic deformation and radial expansion of the tubular 
membw 155, tfie hardenable fluidic sealing material is allowed to cure to thereby 
fomi an annular body 1 90 that provides a barrier to fluid flow into or out of tiie 
wellbore 10. 

Referring to Fig. li, the shoe 1 40 may then removed by drilling out the shoe 
using a conventional drilling device. A new secticm of the wellbore 10 may also be 
drilled out in order to pennit additional expandable tubular members to be coupled 
to the bottom portion of fihe plastically deformed and radially expanded tubular 
member 155. 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 
and radially expanded using any numbw of convoitional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 185 of the tubular member 155. In a preferred embodiment, one or more 
sealing menabers 205 are coupled to the exterior surface of the upper portion of the 
tubular member 200. In a preferred embodiment, the sealing members 205 seal the 
interface between the upper portion of the tubular member 200 and the recessed 
portion 185 of the tubular member 155. In several alternative embodiments, the 
sealing members 205 may include elastomeric elements and/or metallic elements 
and/or conposite elements. Li several alternative embodiments, one or more 
anchoring elements may substituted for, or used in addition to, the sealing members 
205. In a preferred enibodiment, an annular body 2 10 of a haidoiable fluidic sealing 
material is also formed around Ae toibular member 200 using one or more 
conventional methods. 

In a prefared embodiment, the tiibular member 200 is plastically deformed 
and radially expanded, and the annular body 2 10 is formed using one or more of the 
apparanis and metijods disclosed in the foBowing: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
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2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25?9 1 .8.02, filed on 2/1 0/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791 .1 2.02, filed on 
2/24/2000, (7) U.S. patent applicatiMi serial no. 09/5 1 1,94 1 , attconey docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) V.S. patent application serial 
no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (1 0) PCX 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791 .25.02, 
filed on 7/9/2000, (1 1) U.S. provisional patent application seriaU no. 60/162.671. 
attorney, docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent 
application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney doclret no. 
25791.34, filed on 10/12/1999, <14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,^8, attorney dodcet no. 25791 .39, 

filed on 1 1/12/1 999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent plication serial no. , attorney docket no. 

25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

J attorney docket no. 25791.47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted. In 

several alternative embodiments, the annular body 210 may be radially conqnessed 

before, during and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a 

downward direction by fluid pressure and/or by a siqjport member 220 to plastically 

24 
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defonn and radiaUy expand the tubular member 200 such that the interior diameter 
of the tubular members 1 55 and 200 are substantially equal. In this manner, as 
illustrated in Fig. 11, a mono-diameter wellbore casing may be formed. In a 
preferred embodiment, during the displacement of the expansion cone 215 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 220a defined within the support member 
220. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 
1 0. The apparatus 300 includes a tubular support member 305 defining a passage 
' 3 1 0 for conveying fluidic materials. An expansion cone 3 1 5 defining a passage 320 
and having an outer conical surfece 325 for radially expanding tubular members is 
coupled to an end of the tubular support member 305. An annular conical over- 
expansion insert 330 mates with and is removably coupled to the outer conical 
15 surface 325 ofthe expansion c(me 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone 

launcher 335 includes an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 315 and the over-expansion 
20 insert 330, an a lower portion having a lower outer diameter. The lower outer 

diameter is greater than the upper outer diameter. A shoe 340 defining a valveable 
passage 345 is coupled to the lower portion of the expansion cone launcher 335. In 
a preferred embodiment, the valveable passage 345 may be controllably closed in 
order to fluidicly isolate a region 350 below die expansion cone 31 5 and bounded by 
25 the lower portion of the expansion cone launcher 335 and the shoe 340 fi^om the 
regimi outside of the apparatus 300. 

In a prefored embodiment, as illustrated in Fig. 3, the over-expansion insert 
.330 includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d 
that arc positioned between the outer conical surface 325 of the expansion cone 3 1 5 
and the inner surface of the intermediate portion of the expansion cone launcher 335. 
In this manner, the relative axial displacement of the expansion cone 315 and the 
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expansion cone launcher 335 will cause tbe expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may 
be formed in the radially expanded expansion cone launcher 335. In several 
alternative embodiments, the inserts 330a, 330b. 330c, and 330d fall out of the 
recess and/or are removed from the recess using a conventional retrieval tool upon 
the conpletion of the radial expansion process. 

In an alternative embodiment, as ilhistrated in Fig. 3a, the over expansion 
insert 330 further includes intermediate resilient members 331a, 331b, 331c, and 
331d forresiliently coupling the inserts 330a. 330b, 330c, and 330d. In this manner, 
upon the completion of the radial expansion process, the resilient force exerted by 
the resilient members 33 1 causes the over-expansion insert to collapse in the radial 
direction and thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of die 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the i^er portion of the expandable tubular member 355. 
In several alternative embodiments, the sealing members 360a and 360b may 
include elastomeric elements and/or metallic elements and/or composite elements. 
In several alternative enibodinKJnts, one or more anchoring elements may substituted 
for, or used in addition to, Ae sealing members 360a and 360b. 
20. In a preferred embodiment, the support member 305, the expansion cone 3 1 5, 

the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139. attorney docket no. 25791.03.02. filed on . 
,12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440.338, attorney docket no. 25791 .9.02, fUed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
30 25791.12.02, filed on 2/24/2000, (7) U.S. patent appUcation s«ial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent appUcation 
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serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000. (9) U.S. 
patent application serial no. 09/559.122. attorney docket no. 25791 .23.02,' filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attomey docket 
no. 25791 .25.02. filed on 7/9/2000. (1 1) U.S. provisional patent apphcation serial 
no. 60/162,671, attomey docket no. 25791 .27, filed on 1 1/1/1 999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791.29, 
filed on 9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082,' 
attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent ' 
application serial no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999. 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37. filed on l(yi2/1999, (16) U.S, provisional patent application serial no. • 

, attomey docket no. 2579 1 .38, filed on 6/1 9/2000, (1 7) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

_. attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. attorney docket no. 

25791.46. filed on 7/28/2000. and (20) U.S. provisional patent application serial no. 

. , attomey docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by refwence. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the weUbore 10, fluidic materials 365 within the weUbore 10 
are conveyed through the ^paratus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 355 overlaps with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 355 may be radiaUy 
^cxpanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons having ordinary skiU in the art, the precise initial position of 
the expandable tubular member 355 will vary as a function of the amount of radial 
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expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular membo-. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
the apparatus 300 through the passages 310, 320, and 345 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealmg material 375 may then 
be injected through the apparatus 300 through the passages 3 1 0, 320 and 345 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 375 may be omitted, hi several alternative embodimcaits, the 
hardenable fluidic sealing material 375 is compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig. 2e. a non-hardenable fluidic material 380 may then be 
injected into the apparatus through the passages 3 10 and 320. A ball plug 385, or 
other similar device, may then be injected with the fluidic material 380 to tho-eby 
seal off the passage 345. to this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, flie continued injection of flie fluidic material 380 
into the apparatus 300 causes flie expansion cone launcher 335 to be plastically 
deformed and radially expanded off of the over-expansion msert 330. In this 
manner, the expansion cone 3 1 5 is displaced relative to the expansion cone launcher 
335 and expandable tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer craiical sui&ce 325 of the 
expansion cone 3 15. Note that flie amount of radial expansion provided by the outer 
conical surfece 325 of expansion cone 315 is less than the amount of radial 
expansion provided by the combination of the over-expansion insert 330 and the 
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expansion cone 315. In this manner, as illustrated in Fig. 2g, a recess 390 is formed 
in the radially expanded tabular memhar 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. 
In an alternative embodiment, the resilient force provided by the resilient members 
331a, 331b, 331c, and 331d cause the insert 330 to collapse in the radial direction 
and thereby fall out of the recess 390. In an alternative embodiment, as illustrated in 
Fig. 4, one or more resihent hooks 395a and 395b are coupled to the bottom of the 
expansion cone 3 15 for retrieving the over-expansion insert 330 during or after the 
conviction of the radial expansion i»v)cess. 

After completing the plastic deformation and radial expansion of tiie tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby 
fram an annular body .400 that provides a banier to fluid flow into or out of flie 
wellbore 10. 

RefCTring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe ' 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 355. 

Referring to Fig. 2i, a tubular member 405 may then be plastically deformed 
and radially expanded using any number of conventiraial mefliods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 405 overl^s with and mates wifli die recessed 
portion 390 of flie tubular member 355. In a preferred embodiment, one or more 
sealing members 410 are coiq)led to Ae exterior surface of the upper portion of the 
tubular member 405. In a preferred enibodiment, the sealing members 410 seal the 
mterface between the upper portion of the tubular member 405 and the recessed 
portion 390 ofthe tubular member 355. In several alternative embodiments, the 
sealing members 410 may include elastomeric elements and/or metallic elements 
and/or conqwsite elements. In several alternative embodiments, one or more 
anchwing elements may substituted for, or used in addition to, the sealing members 
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410. In a preferred embodiment, an annular body 415 of a hardenable fluidic sealing 
material is also formed around the tubular member 405 using one or more 
conventiona] mediods. 

In a preferred embodiment, the tubular member 405 is plastically deformed 
and radially expanded, and the annular body 415 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no; 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey docket no. 
25791 .8.02. filed on 2/1 0/2000, (4) U.S. patent application serial no. 09/440,338. 
attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attomey docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/5 12,895, attomey docket no. 25791 .12.02, filed on 
2/24/2000, (7) US. patent plication serial no. 09/511,941, attomey docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent plication serial no. 09/588,946, 
attomey docket no. 25791.17.02, filed on 6^/2000, (9) U.S. patent appKcation serial 
no. 09/559, 122, attomey docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attomey docket no 25791.25.02, 
filed on 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162.671 . 
attomey docket no. 25791.27, filed on 1 1/1/1999. (12) U.S. provisional patent 
application serial no. 60/1 54.047, attomey docket no. 25791 .29, filed on 9/1 6/1 999, 
(13) U.S. provisional patent application serial no. 60/159,082, attomey docket no. 
25791.34. filed on 10/12/1999, (14) U.S. provisional patent appUcation serial no. 
60/159,039, attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
25 provisional patent application serial no. 60/1 59,033, attomey docket no. 25791 .37. 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165,228, attomey docket no. 25791.39, 
filedon n/12/1999.(18)U.S.provisionalpatentapplicationserialno. 

, attomey docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 
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25791 .46. filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .47. filed on 9/18/2000, the disclosures 

of which are incoiporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In 
5 several alternative embodiments, the annular body 415 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and/or by a support member 425 to plastically 
deform and radially expand the tubular member 405 such that the interior diameter 
10 of the tubular members 355 and 405 are substantially equal. In this manner, as 
iUustrated in Fig. 2k, a mono-diametet wellbore casing may be formed. In a 
preferred embodiment, during the displacement of the expansion cone 420 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 425a defined within fte support member 
15 425. 

Refening to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plasticaUy deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also 
20 be formed around the tubular member 500 using any number of conventional 
methods. In a preferred embodiment, the hibular member 500 is plasticaUy 
deformed and radially expanded and the annular body 5 10 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following; (1) 
U.S. patent application serial no. 09/454,139. attorney docket no. 25791.03.02, filed 
25 on 12/3/1999, (2) U.S. patent plication serial no. 09/510.913. attorney docketno. 
25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350, 
attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440338. attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791 . 1 1 .02, filed on 
30 3/10/2000, (6) U.S. patent application serial no. 09/5 12,895, attorney docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941. 
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attorney docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588.946, attorney docket no. 25791 . 1 7.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559.122, attorney docket no. 25791 .23.02, fUed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
5 no. 25791 .25.02, ffled on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attomeydocketno. 25791.27, filed on 11/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
10 application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket ntf. 
25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial no. 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
15 filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

. , attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

. , attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

20 of whidi are incorporated herein by leferrace. 

In several alternative embodiments, the annular body 5 10 may be omitted or 
may be conqiressible before, during, or after curing. 

RefoTing to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positioned within the tubular member 500 and inflated to a sufficient operating 
25 pressure to plasticaUy deform and radially expand a portion of the tubular member 
to thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may Aen be removed 
and the shoe 505 drilled out using a convrationaJ drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
30 plastically deformed and radiafly expanded in a conventional manner and/or by 
using one or naore of the methods and qjparatus described above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 525,. an annular body 530 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be • 
coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, 9 tubular member 600 
having a shoe 605 may be plastically defonned and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular member 600 using any number of conventional 
methods, fa a preferred embodiment, the tubular member 600 is plastically 
defOTmed and radially expanded and the annular body 610 is formed using one or 
more of the methods and ^jparatus disclosed m one or more of the following: (1) 
U.S. patent application serial no. 09/454.139. attorney docket no. 25791 .03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent appHcation serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/l 5/1 999, (5) U.S. patent 
application serial no. 09/523.460, attortjey docket no. 25791.1 1 .02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appUcation serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791 . 17.02, filed on 6/7/2000. (9) U.S. 
patent application serial no. 09/559.122. attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
no. 25791. 25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 i/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
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filed on 9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082, 
attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/1 59,033, attorney docket no. 
5 25791.37, filed on 10/12/1999. (16) U.S. prbvisional patent application serial no. 

. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228. attorney docket no. 25791.39, 
filed on 11/12/1999, (18) U.S. provisional patent application serial no. 

_ , attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

10 provisional patent application serial no. . attorney docket no. 

25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application. serial no. 

_ , attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
5 may be conp^ssible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roUer expansion device 61 5 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of flie tiibular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby 
form a recess 620 in the babular member. As will be recognized by persons having 
ordinary skill in Ae art, a roller expansion device typically utilizes one or more 
roUers that, through rotation of the device, apply a radial force to the interior 
surfaces of a tubular member. In several alternative embodiments, the roller 
expansion device 61 5 may include eccentric rollers such as. for example, as 
disclosed in U.S. Pat. Nos. 5.014.779 and 5.083,608. the disclosures of which are 
incorporated herein by reference. 

Referring to Figs. 6d and 6e. the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f,. an additional tiibular member 625 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to foim a 
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moncKiiameter welibore casing. Before, during or after the radial expansion of the 
tubular member 625, an annular body 630 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 
5 In several alternative embodiments, the roller expansion device 615 may be 

coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process inqilemented using the 
expansion cone. 

Referring initially to Fig. 7a, a welibore 10 includes a preexisting welibore 
10 casing 15. The welibore 1 0 may be oriented in any orientation fiom the vertical to 
the horizontal. The preexisting welibore casing 1 5 may be coupled to the upper 
portion of the welibore 10 using any number Of conventional mefliods. In a 
preferred embodiment, the welibore casing 1 5 is coupled to the upper portion of the 
welibore 1 0 using one or more of the methods and ^jparatiis disclosed in one or 
more of the foUowing: (1) U.S. patent plication serial no. 09/454,139, attorney 
docket no, 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent appUcation serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on. 
.2/24/2000, (8) U S. patent ^Kcation serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent plication serial no. 09/559.122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791:25.02, filed on 7/9/2000, 
(1 1) U.S. provisional patent application serial no. 60/162,671 , attorney docket no. 
25791.27, filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154,047. attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
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10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent plication 
serial no. 60/159,033, attorney docket no. 25791 .37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. 

5 25791.38, filed on 6/19/2000, (17) U.S. provisional patent plication serial no. 
60/165,226, attorney docket no. 25791 .39, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

_ , attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. . 

provisional patent application staial no. . , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coiq)led to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular 
member may then be positioned within the wellbore 10. The apparatus 700 includes 
a tubular support member 705 defining a passage 710 for conveying fluidic 
materials. An expansion cone 715 defining a passage 720 and having an outer 
conical surfece 725 for radially expanding tubular members is coupled to an end of 
tiie tubular support member 705. 

An expansion cone launcho- 735 is movably coupled to and si^ported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with 
the expansion cone 71 5, and a lower portion 735c having a lower outer diameter. 
The lower outer diameter is greater than the upper outer diameter. The expansion 
cone launcher 735 further includes a recessed portion 735d having an outer diameter 
that is less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 
of the expansion cone launcher 735, In a preferred embodiment, the valveable 
passage 745 may be controUably closed in ordo- to fluidicly isolate a region 750 
below the expansion cone 715 and bounded by fee lower portion 735c of the 
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expansion cone launcher 735 and the shoe 740 from the region outside of the 
aji^aratus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of 
the expansion cone launcher 735. One or more sealing members 760a and 760b 
may be coupled to the exterior of the upper portion of the expandable tubular 
member 755. In several alternative embodiments, the sealing membere 760a and 
760b may include elastomeric elements and/or metalUc elements and/of composite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members 760a and 760b. 

In a prefeircd embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular mdnber 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139, attorney dockrt no. 25791 .03.02, filed on 
12/3/1999. (2) U.S. patent qjplication serial no. 09/5 10,913, attorney docket no. 
15 25791 .7.02. filed on 2/23/2000, (3) U.S. patent iqjplication serial no. 09/502.350, 
attorney docket no. ,25791.8.02, filed on 2/10/2000. (4) US. patent application serial 
no. 09/440,338. attorney docket no. 25791.9.02. filed on 1 1/15/1999, (5) U.S. patent 
appHcation serial no. 09/523.460, attomey docket no. 25791 . 1 1.02, filed on 
3/10/2000. (6) U.S. patent ^pHcation serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent ^plication serial no. 09/51 1,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588.946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 
4/26/2000. (1 0) PCT patent application serial no. PCT/USOO/18635, attomey docket 
25 no. 25791 .25.02. filed on 7/9/2000, (1 1) US. provisional patent plication serial 
no. 60/162,671, attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/1 54,047, attomey docket no. 25791 .29, 
filed on 9/16/1999, (13) U.S. provisional patent qiplication serial no. 60/159.082, 
attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159.039, attomey docket no. 25791.36, filed on 10/12/1999. 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
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25791.37, filed on 10/1 2/1999, (16) U.S. provisional patent application serial no. ' 

'. attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. . attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

__, attorney docket no. 2579 1 .47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of die 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 
are conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced, fii a preferred embodiment, 
the apparatus 700 is initially positioned wifliin the wellbore 1 0 such that the top 
portion of the tubular member 755 overlsps with the preexisting casing 15. In ttds 
mannw, flie upper portion of the expandable tubular member 755 may be radially 
expanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons having ordinaiy skill in the art, the precise initial position of 
the expandable ttibular member 755 will vary as a fimction of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through 
the apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of &ese passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected through the q>paratus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. &i ^ manner, an annular 
barrier to fluid migration into and out of Ae wellbwe 10 may be formed around the 
radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealing material may include, for example, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 775 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 775 is compressible, before, during and/or after, 
the curing process. 

5 As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 

injected into the apparatus through the passages 710 and 720. A ball plug 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby 
seal off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 
1 0 As illustrated in Figs. 7f and 7g, the continued injection of the fluidic 

material 780 into the apparatus 700 causes the expansion cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
off of the expansion cone 71 5. The resulting structure includes a Up 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 795 that provides a barrier to fluid flow into or out of the 
wellbOTe 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically defonned and radially expanded tubular 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
•fomied around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. In a preferred embodiment, the 
30 lip 790 fecilitates flie coupling of the tubular member 800 to the tubular member 755 
by providing a region on which the tubular member 800 may be easily coupled onto. 
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Referring to Fig. 8a, in an alternative embodiment, a wellbore 1 0 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 
includes sealing members 905a and 905b and a recess 910. An annular body 915 of 
a fluidic sealing material may also be provided around the casing 900. The casing 
5 900 and annular body 915 may be provided using any number of conventional 
methods, the methods described above, and/or using one or more of the methods 
disclosed in th&foUowing: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
10 application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 

2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial.no. 09/523.460, 
attorney docket no. 25791.11.02, filed on 3/10/2000. (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
15 patent application serial no. 09/51 1,941. attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent ^plication serial no. 09/588,946. attomey docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent application serial no. 09/559,122, 
attomey docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791 .25.02, filed on 7/9/2000, 
20 (1 1) U.S. provisional patent application serial no. 60/162,671, attomey docket no. 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attomey docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attomey 
25 docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application 
serial no. 60/1 59,033, attomey docket no. 2579 1 .37, filed on 10/12/1 999, (16) U.S. 

provisional patent application serial no. _^ , attomey docket no. 

. 25791 .38. filed on 6/1 9/2000, (17) U.S. provisional patent application serial no.. 
60/165,228, attomey docket no. 25791.39. filed on 1 1/12/1999, (18) U.S. 

30 provisional patent plication serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent appUcation serial no. 
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attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 



provisional patent application serial no. _^ , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures ofwhich are incorporated herein by 
reference. 

Referring to Fig. 8b. an apparatus 1000 for radially expanding a tubular 
member is then positioned within the wellbore 10 that includes a tubular support 
member 1005 that defines a passage 1010 for conveying fluidic materials. A 
hydraulic locking device 1015 that defines a passage 1020 for conveying fluidic 
materials that is fluidicly coupled to the passage 1010. The locking device 1015 
fiirther includes inlet passages, 1020a and 1020b, actuating chambers, 1025a and 
1025b, and locking members, 1030a and 1030b. During operation, the injection of 
fluidic materials into the actuating chambers, 1025a and 1025b, causes the locking 
members, 1030a and 1030b, to be displaced outwardly in the radial, direction. In this 
manner, the locking device 101 5 may be controllably coupled to a tubular member 

to thereby niamtain the tubular member in a substantially stationary position. As 
will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, 
and locking members 1 030 wifl determine the maximum amount of holding force 
provided by the locking device 1015. In several alternative embodiments, fluidic 
materials may be injected into the locking device 101 5 using a dedicated fluid 
passage in order to provide precise control of the locking device. In several 
alternative embodiments, the locking device 1015 may be omitted and the tubular 
support member 1005 coupled direcUy to the tubular support member 1 035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1 015. The passage 1 040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1 050 and includes an 
outer conical surfece 1055 is coupled to another end of the tubular support member 
1035. An expansion corie launcher 1060 is movably coupled to and supported by 
the expansion cone 1045. The expansion cone launcher 1060 includes an upper 
portion 1060a having an upper outside diameter, an intermediate portion 1060b that 
mates with the expansion cone 1 045, and a lower portion 1060c having a lower 
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outside diameter. The lower outside diameter is greater than the upper outside 
diameter. 

A shoe 1 065 that defines a valveable passage 1 070 is coupled to the lower 
portion 1 060c of the expansion cone launcher 1 060. In this manner, a region 1 075 
5 below the expansion cone 1045 and bounded by the expansion cone launcher 1 060 
and the shoe 1065 may be pressurized and fluidicly isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
10 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1 080. In several alternative embodiments, the sealing members 
may include elastomeric eltanents and/or metalHc elements and/or con5>osite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted fa-, or used in addition to, the sealing members. 
1 5 An expansion cone 1 085 defining a passage 1 090 for receiving fte tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 
1005 is coupled to the bottom of the expansion cone 1085 for supporting and 
actuating die expansion cone. 
20 In aprefored embodiment, the support members 1005 and 1035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent appMcation serial no. 
25 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000. (3) U.S. patent 
application serial no. 09/502,350, attomey docket no. 25791 .8.02, filed on 
2/10/2000, (4) U-S. patent application serial no. 09/440,338. attomey docket no. 

• 25791.9.02, filed on 11/15/1999, (5) US. patent application serial no. 09/523.460, 
attomey docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
30 serial no. 09/512,895, attomey docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. 
patent application serialm 09/51 1,941, attomey docket no. 25791.16.02, filed on 
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2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

25791.17.02, filed on ^lllimi, (9) U.S. patent application serial no. 09/559,122, 

attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 

serial no. PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, 
5 ( 1 1 ) U.S. provisional patent application serial no. 60/1 62,67 1 , attorney docket no. 

25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791 .29, filed on 9/16/1999. (13) U.S. provisional 

patent application serial no. 60/159,082, attorney docket no. 25791 .34, filed on 

10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
10 docket no. 25791 .36, filed on 10/12/1999, (1 5) U.S. provisional patent application 

serial no. 60/159,033, attorney docket no, 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. _, attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. pit)visional patent application serial no. 

60/165,228, attorney docket no. 25791 .39, filed on 1 1/12/1999, (1 8) U.S. 
1 5 • provisional patent ^plication serial no, , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

. attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, die disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodimait, during placement of the 
apparatus 1 000 within the weUbore 10, fluidic materials 1 1 10 within the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a locaticm above the apparatus 1000. In tins manner, surge pressures during 

25 placement of fiie apparatus 1 000 within the wellbore 10 are reduced. In a preferred 
embodiment, Ae apparatus 1000 is initially posititmed within Ac wellbore 10 such 
fliat the top portion of fte tubular membw 1080 overlaps with fte recess 910 of the 
preexisting casing 900. In this manner, fte upper portion of the racpandable tubular 
member 1 080 may be radially expanded into contact wift and coupled to the recess 

30 910 of the.preocisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 1115 may then be injected tiirough 
the apparatus 1000 through the passages IQIO, 1020, 1040, and 1070 in order to test 
the proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then 
be injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 
1 070 into the annulus between the apparatus and the wellbore 1 0. In this manner, an 
annular barrier to fluid migration into and out of the wellbore 1 0 may be formed 
around the radially expanded expansion cone launcher 1060 and expandable tubular 
member 1080. The hardenable fluidic sealing material may include, for example, a 
cement mixture. In several alternative embodiments, the injection of the hardenable 
fluidic sealing material 11 20 may be omitted. In several alternative embodiments, 
the hardenable fluidic sealing material 1 120 is compressible, before, during and/or 
after, the curing process. 

As illustrated in Fig. 8e, a non-hardcnable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball • 
plug 1 1 30, or other similar device, may Aen be injected wifli the fluidic material 
1 125 to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambiers, 1025a and 1025b, of the 
locking device 1015 ihay be pressurized. In this manner, the tubular member 1 080 
may be held in a substantially stationary position by tiie locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downvrard direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial di^lacement of the 
expansion cone 1085 may plastically deform and radially expand the upper portion 
of ihe expandable tubular member 1080. In this manner, the upper portion of tfie 
expandable tubular member 1080 may be precisely coupled to tfie recess 910 of the 
preexisting casing 900. 

During the downward actuation of the raq)ansion cone 1085, the locking 
member 1015 preferably jarevents axial displacement of tiie tubular member 1080. 
In a preferred embodiment, the locking member 1 01 5 is positioned proximate the 
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upper portion of the tubular member 1080 in order to prevent buckling of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. In an alternative embodim<?nt, the locking member 1015 is omitted and the 
interference between the intermediate portion 1060b of the expansion cone launcher 
1060 and the expansion cone 1045 prevents the axial displacement of the tubular 
member 1080 during the radial ejq)ansi(«i of Ae upper portion of the tubular 
member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 11 00 may then be 
raised out of die wellbore 10. 

As illustrated in Fig. 8h, die continued injection of the fluidic matmal 1 125 
into the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded 
off of the expansion cone 1045. to diis manner, the expansion cone 1045 is 
displaced relative to the expansion c<me launchw 1060 and e^andable mbular 
membar 1080 in the axial directioin. hi a preferred embodiment, the axial forces 
created during tiie radial c:q)ansion process are greater than the axial forces 
generated by the locking device 1015. As will be recognized by persons having 
OTdinaiy skill in the art, the precise relationship between these axial forces will vary 
as a function of the operating characteristics of the locking device 1015 and the 
metallurgica] properties of the expansion cone launcher 1060 and expandable 
tubular 1080. In an alternative embodiment, the operating pressures of the actuating 
chambers, 1025a and 1025b, and the region 1075 are separately controllable by 
providing separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. 8i, aftw conpleting the plastic deformation and radial 
expansion of the tubular member 1080, the haidenable fluidic sealing material is 
allowed to cure to thereby f<»m an annular body 1 130 that provides a barrier to fluid 
flow into or out of the wellbore 10. The shoe 1065 may then removed by dnlling 
out the shoe using a conventional drilling device. A new section of the wellbore 10 
may also be drilled out in order to pwmit additional expandable tubular members to 
be coupled to the bottom portion of the plastically deformed and radially expanded 
tubular member 1 080. 
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In an alternative embodiment, the annular body 1130 may be omitted. In 
several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/OT after curing. 

Refetring to Fig. 8j, the tubular member 1080 may be radially expanded 
5 again using one or more of the methods described above to provide an mono- 
diameter wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further 
include outer annular layers of fluidic sealing materials such as, for example, 
10 cement. The ends of the casings, 1205 and 1210. are separated by a gap 121 5. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, byplastically deforming and radially expanding the 
15 tubular member 1220 using one or more of the methods and apparatus described and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member i220. In several alternative embodiments, the radial expansion device 1225 
may be any numbw of conventional radial expansion devices such as, for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 
removal of the radial expansion device 1225. the inside diameters of the casings^ 
1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1220. In this manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 1 0, a wellbore 1 300 includes an outer tubular member 1 305 
and an inner tubular member 1310. In a prefeired embodiment, the tubular 
members, 1305 arid 1310. are plastically deforrhed and radially expanded using one 
or more of the methods and apparatus described and referenced above. In this 
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inanner; a wellbore casing may be i^ovided whose burst and coU^se strength may 
be precisely controlled by varying the number, thickness, and/or material properties 
oftiie tubular members, 1305 and 1310. 

Referring to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled 
to a preexisting casing 1410. In a preferred embodiment, one or more sealing 
members 1415 are coupled to the exterior of the uf^er portion of the tubular 
member 1405 in order to optimally seal the interface between the tubular membw 
1405 and the preexisting casing 1410. h a preferred embodiment, the tubular 
member 1 405 is plastically deformed and radially expanded using conventional . 
methods and/or one or n»re of the methods and qjparatus described and referenced 
above. In an exenq)lary wnbodiment, the outside diameter of the tubular-member 
1405 prior to the radial expansion process is ODq, Ae wall thickness of the tubular 
membo- 1405 pricw: to the radial ejqjansion process is to, the outside diameter of the 
tubular member following Ae radial expansion process is OD,, and fte wall 
fliickness of the tubular member following the radial expansion process is t,. 

Referring to Fig. 1 lb, a tubular nnember 1420 may then be coupled to the 
Iowa- portion of the tubular member 1405 by plastically deforming and radially 
expanding the tubular membo- 1420 using conventional methods and/or one or more 
of the methods and apparatus described and referenced above. In a preferred 
embodiment, the exterior surface of the upper portion of the tubular member 1420 
includes one or more sealing members for sealing the interface between the tubular 
membra- 1420 and the tubular meniber 1405. 

Referring to Fig. 1 1 c, lower p<xtion of the tubular member 1405 and the 
tubular member 1420 may be radially expanded again to provide a mono^<iiameter 
wellb(»c casing. The additional radial expansion may be provided using 
conveaitiona] mefliods and/or one ct more of flie methods and sqyparatus described 
and referenced above. In an exemplary embodimoit, flie outside diameter and wall 
thickness of the lower portion of the tubular member 1405 after the additional radial 

» 

expansion process are OD2 and t2. 

The radial expansion process of Figs. 1 lb-1 Ic can then be repeated to 
provide a moho-diameter wellbore casing of virtually unlimited length. 
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In several alternative embodiments, the ordering of the radial expansions of 
the tubular members, 1405 and 1420, may be changed. For exanq>le, ttie first 
tubular member 1405 may be plastically deformed and radially expanded to provide 
a lower portion having the outside diameter ODj and the remaining portion having 
the outside diameter OD,. The tubular member 14^0 may then be plastically 
deformed and radially expanded one or more times until the inside diameters of the 
tubular members. 1405 and 1420. are substantially equal. The plastic deformations 
and radial expansions of the tubular members, 1405 and 1420, may be provided 
using conventional methods and/or one or more of the methods and ^aratus 
desoibed and referenced above. 

In" an exemplary embodiment, the total raqjansion strain E of the tubular 
member 1405 may be exjMressed by the following equation: 

E^(0I>,^0D^)l0D, (1) 
where ODo = original outside diameter; 

OD, = outside diameter after 1" radial expansion; and 
OD2 = outside diameter after 2"^ radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1 400 prior to the 
first radial expansion is equal to d, the outside diameters, OD, and ODj, of the 
tubular member 1405 following the first and second radial expansions may be 
expressed as: 

OD^ = OD^ + 2d+2t^ (2) 
QDj = QDl + 2^+ 2/j (3) 

where ODo = <he original outside diameter of the tubular 

member 1405; 

OD, = die outside diameter of &e tubular memba* 

1405 following the first radial expansion; 

OD2 = the outside diameter ofthe tubular member 

1405 following the second radial expansion; 
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d = the radial spacing between the tubular 

member 1 405 and the wellbore prior to the first 
radial expansion; 

*i = the wall thickness ofthe tubular member 

1405 after the first radial expansion; 

*2 = the wall thickness ofthe tubular member 

1405 after the second radial oqjansion; and 

R = the thickness ofsealing member provided on 

the exterior surface of the tubular member 1420. 
Furfliemiore, in an exemplary embodiment, for d approximately equal to 0.25 
inches and R approximately equal to 0.1 inches, eqiiation (1) can be approximated 



as: 



£ = (o.7"+3.7/„)/C!Z)o (4) 

^^^^ . ^ = tfie original wall thickness ofthe tubular 

member 1405.. 

In an exemplary embodiment, the total expansion strain of the tubular 
member 1405 should be less than or equal to 0.3 in order to maximize the buret and 
collapse strength of the expandable tubular member. Therefore, from equation (4) 
the ratio ofthe original outside diameter to the original wall thickness (ODA) may 
(0 be expressed as: 

0£>o//o>3.8/(03-0.7/QDo) (5) 
Thus, in a preferred embodiment, for ODo less than 1 0 inches, the optimal 
ratio ofthe original outside diameter to the original waU thickness (ODo/to) may be 
expressed as: 

5 ODJt^k\6 (6) 

In this manner, for typical tubular members, the burst and coHapse strength 
ofthe tubular members foUowiijg one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expressed in equations (1) through (6) are valid regardless ofthe order or type ofthe 
radial expansions of the tubular member 1405. More generally, the relationships 
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expressed in equations (I) through (6) may be applied to the radial expansion of 

structures having a wide range of profiles such as, for example, triangular, 
rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular 
member has been described that includes means for plastically deforming and 
radially expanding a first portion of the tubular member to a first outside diameter, 
and means for plastically deforming and radially expanding a second portion of the 
tubular.member to a second outside diameter. In a preferred embodiment, the firet 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radiaUy expanding the first 
portion of the tubular member to the first outside diameter is rBmovable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter is fi^angible. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter is elastic. In a 
ixeferred embodiment, fte means for plastically deforming and.radialiy expsmding 
the first portion of the tubular member to the first outside diameter includes means 
for applying.a radial force to the first portion of the tubular member, hi a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes rolling 
means for applying radial pressure to the first portion of the tubular member. 

An aj^aratus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surfece, a removable annular conical sleeve coupled to the outer conical 
surface of the expansion cone, an annular expansion cone launcha- coiq)led to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a 
valveable passage coupled to an end of the expansion cone launcher. In a preferred 
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embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality 
of arcuate elements. 

A method of plastically deforming and radially expanding a tubular member 
5 has also been described that includes plastically deforming and radially expanding a 
portion of the tubular member to a first outside diameter, and plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. In a preferred embodiment, the first diameter is greater than the second 
diameter. In a preferred embodiment, plastically deforming and radially expanding 
10 the portion of the tubular member includes q)piying a radial force to the portion of 
the tubular member using a conical sleeve. In a preferred embodiment, conical 
sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a 
preferred embodiment, the conical sleeve includes a plurality of arcuate elements. 
Li a preferred embodiment, plastically deforming and radially expanding the portion 
15 of the tubular member includes applying a radial force to the portion of the tubular 
member using an inflatable bladder. In a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. 

20 A method of coupling a first tubular memba- to a second tubular membra- has 

also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plasticaMy deforming 
and radially expanding another portion of the first tubular member to a second 
outside diameter, positioning the second tubular member inside the first tubular 

25 member in overlapping relation to the first portion oftbe first tubular member, 
plastically deforming and radially expanding the second tubular mwnber to a third 
outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
30 substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
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and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is fi^gible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, plasticaUy deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the first portion of the first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 
first portion of the first mbular member using a roller expansion device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, means for positioning the second 
tubular member inside the first tubular member in overlying relation to the first 
portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plasticaUy deforming and really expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second hibular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. 
In a prefeired embodiment, the means for plastically deforming and radially 
expanding the first portion of the first hibular member includes means for applying a 
radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is frangible. In a prefeired embodiment, 
the conical sleeve is elastic. In a preferred enibodiment, the conical sleeve includes 
a pluraKty of arcuate elements. In a preferred embodiment, the means for plasticaUy 
deforming and radially expanding the first portion of the first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, the means for 
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plastically defonnmg and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to flie first portion of the first 
tubular member using a roller expansion device. 

An apparatus for forming a weUbore casing within a wellbore has also been 
5 described that includes means for supporting a tubular member within the wellbore. 
means for plastically deforming and radially expanding a first portion of the tubula^ 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In 
a preferred embodiment, the first outside diameter is greater than the second outside 
10 diameter. In a preferred embodiment, the means for plastically defomung and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. In a preferred embodiment, the means for plastically 
defomiing and radially expanding the first portion of the tubular member to the first 
outside diameter is fiangible. In aprefeired embodiment, the means for plasticafly 
15 defwining and radiaUy expanding the finrt portion of the tubular men*^ 

outside diameter is elastic. In a prefeired embodiment., the means for plastically 
deforming and radiaUy expanding the first portion of the tubular member to the first 
outside diameter includes means for applying a radial force to the fim portion of the 
tubular member. In a prefeued embodiment, the means for plastically deforming 
2b and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first 
portion of the tubular member. In a preferred embodiment, the apparatus fijrther 
includes means for forming an. annular body of a fluidic sealing material within an 
annulus between the tiibular member and (he wellbore. 

An apparatus for fiarming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tabular support member having a second fluid 
passage flnidicly coupled to the first fluid passage and an outer conical surfece. a 
removable annular conical /sleeve coupled to the outer corneal surface of the 
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expansion cone, an annular expansion cone launcher coupled to the conical sleeve 
and a lower pwtion of the tubular member, and a shoe having a valveable passage 
coupled to an end of the expansion cone launcher. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment. Ae conical sleeve is elastic. 
In a preferred embodiment, die conical sleeve includes a plurality of arcuate 
elements. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes supporting a tubular member within a wellbore, plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. In h preferred embodiment, the fiist 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
deforming and radially expandmg the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a conical sleeve. 
In a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a prefeired embodiment, the conical 
sleeve includes a pluraUty of arcuate elements. In a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular member 
includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically deforming and radiaUy 
expanding the portion of the tubular member includes applying a radial force to the 
portion ofthe tubular member using a roller expansion device. In a preferred 
embodiment, the method further includes injecting an annular body of a hardenable 
fluidic sealing material into an annulus between the tubular member and the 
wellbore. In a preferred embodiment, the method further includes curing the annular 
body of hardenable fluidic sealing material. 

A mefliod of forming a mono-diameter wellbore casing wittiin a wellbore has 
also been described that includes suppcwting a first tubular member within the 
wellbore, plastically deforming and radially expanding a first portion ofthe first 
tubular member to a first outside diameter, plastically defonning and radially 
expanding another portion ofthe first tubular member to a second outside diameter, 
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positioning the second tubular member inside the fir^t tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
5 member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, die first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically defonning 
and radially expanding the first portion of the first tubular member includes applying 
10 a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is fi^gible. In apreferred embodiment, 
the conical sleeve is elastic. In apreferred embodimenV the conical sleeve includes 
a plurality of arcuate elements. In a preferred.embodiment. plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 

15 a radial force to tile first portion ofthe first tubular member using an inflatable 
bladder. In a preferred embodiment, plasticaUy deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 

firstportionofthefirsttubularmemberusingarollerexpaiisiondevice. Ina 
prefeired embodiment, the method fiirther includes injecting an annular body of a 
20 bardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
annular body of hardenable fluidic sealing material. In a preferred embodiment, th^ 
method further includes injecting an annular body of a hanJenable fluidic sealing 
material into an annulus between the second tubular member and the wellbore. fa a 
25 preferred embodiment, the method fiirtiier includes curing the annular body 6f 
hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
meaiis for plasticaUy defomring and radially expanding another portion of the first 
tubular member to a second outside diameter, means for positioning the second 
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tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular memba, means for plasticaUy deforming and radiaUy 

expanding the second tubular member to a third outside diameter, and means for • 
plastically deforming and radially expanding the second tubular member to a fourth 
5 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. 
In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a 
10 radial force to the portion of the tubular member using a conical sleeve. In a 

prefeired embodiment, the conical sleeve is fi-angible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment. Ae means for plastically 
deforming and radially expanding the first portion of the first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, the means for 
plastically deforming and radially expanding flie first pcirtion of the first tubular 
member includes means for i^jplying a radial force to the first portion of the first 
tubular member using a roller expansion device. In a preferred embodiment, the 
20 apparatus fiirther incliides means for injecting an annular body of a hardenable 
fluidic sealing material into an annulus between the first tubular member and the 
weDbore. In a preferred embodiment, the apparatus further includes means for 
curing the annular body of hardenable fluidic sealing material. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
25 hardenable fluidic sealing material into an annulus between the second tubular 

member and the weUbore. In a preferred embodiment, the apparatus further includes 
means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes means for providing a lipped portion 
in a portion of the tubular member, and means for plastically deforming and radially 
expanding another portion of Are tubular member. 
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Aft apparatus for plastically deforming and radiaUy expanding a tubular 
member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
5 conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having 
a first outside diameter, and a fourth anniilar portion coupled to the third annular 
10 portion having a second outside diameter, wherein the second outside diameter is 
less than the first outside diameter, and a shoe having a valveable passage coupled to 
fourth annular ptMticm of the e;^ansi(Mi wme launcher. 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes providing a lipped portim in a portion of the 
15 tubular member, and plastically deforming and radially expanding another portion of 
the tubular member. 

A method of coupUng a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the 
0 first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of tfie first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

> An ^arafiiis for coupKng a first tubular member to a second tubular member 

has also been described that includes means for providing a lipped in the first tabular 
member, means for plastically deforming and radially eJ5>anding another portion of 
the first tabular member, meaiis for positioning the secbnd tabular member inside 
the first tabular member in overlapping relation to the lipped portion of the first 
tabular member, and means for plastically defijrming and radially expanding the 
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second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 

An apparatus for fwraing a wellbore casing within a wellbore has also been 
described tbat includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for 
plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coqiled.to a 
lower portion of the tubular menAer, a second aniiular portion coupled to the first 
annular portion that mates wifli the outer conical surface of the expansioii cone, a 
timd annular portion coiq>led to fte second annuhir pwtion having a first outside 
diameter, and a fourth annular portion coupled to the third annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fourth annular 
portion of the expansion cone launcher. 

A method of forming a wellbore casing in a wellbore has also been described 
that includes supporting a tubular member within the wellbore, providing a lipped 
portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 
between the tubular member and Ae weUbore. In a preferred embodiment, the 
method fiulher includes curing die fluidic seaUng material. 

A meAod of fonning a mwjo-diameter wellbore casiiig within a wellbore has 
also been described Aat includes siq)porting a first tubular member within the 
weHbore, providing a lipped portion in a portion of ttie first tubular member, 
plastically deforming and radially expanding anoflira- portion of the first tubular 
member, positioning Ae second tubular member inside the first tubular member in 
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overlapping relation to the lipped portion of the first tubular member, and plastically 
defonning and radiaUy expanding the second tubular member. The inside diameters 
of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, die method further 
5 includes injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. hi a preferred embodiment, the method 
further includes curing the fluidic sealing material. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing matoial in an annulus 
between the second tubular member and the wellbore. In a preferred embodiment 
10 the method further includes curing the fluidic sealing material. 

An apparatus for forming a mono-dianfeter wellbore casing within a wellbore 
has also .been described that includes means for providing a lipped in the first tubular 
member, means for plastically deformiiig and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 
Ae first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plasticaUy defonning and radially expanding the 
second tubular member. The inside diameters of the first and second tubular 
members after die plastic deformations and radial expansions are substantially equal. 
In a preferred embodiment, the apparatus ftirther includes means for injecting a 
hardenable fluidic sealing material in an annulus between the first tubular member 
and the wellbore. hi a preferred embodiment, the apparatus fiirther includes means 
for curing the fluidic sealing material. In a preferred embodiment, the apparatus 
fiirther includes means for injecting a hardenable fluidic sealing material in an 
annulus between the second tubular member and flie wellbore. h a preferred 
embodiment, the apparabis fiirther includes means for curing the fluidic sealing 
material. 

An apparatus for plastically defonning and radiafly expanding a tubular 
member has also been desfcribed fliat includes means for plastically deforming and 
radially expanding a first end of the tubular member, and means for plasticaliy 
deforming and radially expanding a second end of the tubular member. In a 
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preferred embodiment, the apparatus further includes means for anchoring the 
tubular member during the radial expansion. 

An apparatus for plasticaUy deforrinng and radially expanding a tubular 
member has also been described that includes a tubular support member including a 
first paissage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular e;q>ansion 
cone launcher having a valveable fluid passage, and another amiular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. In a preferred embodiment, the annular 
expansion cone is adapted to plastically deform and radially expand a first end of Ae 

expandable tubular member and the other amular expansion cone is adapted to 
plastically deform and radially e^qpand a second end of the expandable tubular 

member. In a preferred enibodiment, the apparatus further includes an anchoring 
mehiber coupled to the tubular support member adapted to hold the expandable 
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A method of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically defonning and radially expanding a 
first end of the tubular member, and plastically defonning and radially expanding a 
second end of the tubular member. In a preferred embodiment, the method further 
includes anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the first end of the tubular member is plasticaUy deformed and radially 
expanded before the second end. In a preferred embodiment, plasticaUy deforming 
and radially expanding the second end of the tubular member includes injecting a 
fluidic material into the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes positioning the second tubular member inside the 
first tubular member in an overlapping relationship. plasticaUy deforming and 
radially expanding the end of the second tubular member that overlaps with the first 
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tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the method 
further includes plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first 
and second tubular members are substantially equal after the radial expansions. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubiilar member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member 
that overlaps with the first tubular member, and means for plastically deforming and 
radially expanding the raining portion of the second tubular member. In a 
preferred embodiment, the apparatus fiarther iiicludes means for plastically 
deforming and radially expanding at least a portion of the second tubular member. . 
In a preferred embodiment, the inside diameters of the first and second tubular 
15 members are substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end 
of the mbular member. In a preferred embodiment, the apparatus fiirther includes 
means for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus fijrther includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An ^>paratus for forming a wellbore casing within a wellbore has also been 
25 desCTibed diat includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular siqjport having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the aniiular expansion cone 
30 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
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coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a fiht end of the expandable 
tubular member and the other annular expansion cone is adapted to plastically 
deform and radiaUy expand a second end of the expandable tubular member. In a 
preferred embodiment, the apparatus further includes an anchoring member coupled 
1o the tubular support member adapted to hold the expandable tubular. 

A method of forming a weUbore casing within a wel'lbore has also been 
described that includes plastically deforming and radially expanding a first end of 
the tubular member, and plastically deforming and radially expanding a second end 
ofthe tubular member. In a preferred embodiment, the method fiirther includes 
anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the first end of the tubular member is plastically deformed and radially 
expanded before the second end. hi a preferred embodiment, plastically deforming 
and radially expanding the second end of flie tubular member includes injecting a 
fluidic material into the tubular member. In a preferred embodiment, the method 
fiirther includes injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and tfie wellbore. 

A method of forming i wellbore casing within a wellbore has also been 
20 described that includes plasticaUy deforming and radially expanding a first tubular 
member within the wellbore, positioning a second tubular member inside the first 
tubular member in an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overlaps witii the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 
25 second tubular member. In a prefeired embodiment, the method further includes 
plastically deforming and radially expanding at least a portion ofthe second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are substantiaUy equal after the radial expansions. In a preferred 
embodiment, the method further includes irgecting a hardenable fluidic sealing 
30 material mto an annuhis between the first tubular member and the wellbore. In a 
preferred embodiment, the method fiirther includes injecting a hardenable fluidic 
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sealing material into an annulus between the second tubular member and the 
wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a 
first tubular member within the wellbore, means for positioning the second tubular 
member inside the first tubular member in an overl^ping relationship, means for 
plastically deforming and radiaUy expanding the end of the second tubular member 
that overlaps with the first tubular member, means for plastically deforming and 
radially expanding the remaining portion of the second tubular member. In a 
preferred embodiment, the apparatus forther includes means for plastically 
deforming and radially expanding at least a portion of the second tiibular member. 
In a preferred embodiment, the inside diameters of the first and second hibular 
members are substantially equal after the radial expansions. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the first tiibular member and the wellbore. 
In a preferred embodiment, the apparaihis fiirther includes means for injecting a 
hardenable fluidic sealing material into an annulus between the second tiibular 
member and the wellbore. 

An apparatiis for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting 
a tiibular member in overiapping relation to the opposing ends of the wellbore 

casings, means for plastically deforming and radially expanding the tiibular member, 

and means for plasticaUy deforming and radially expanding the tiibular member and 

the Closing ends of Uie wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 

within a wellbore has also been described that includes supporting a tiibular member 

in overlapping relation to the opposing ends of the wellbore casings, plastically 

deforming and radiaUy expanding the tiibular member, and 

plastically deforming and radially expanding the tiibular member and the opposing 

ends of the wellbore casings. 
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A method of forming a structure having desired strength characteristics has 
also been described that mcludes providing a first tubular member, and plastically 
deforming and radially expandmg Additional tubular members onto the interior 
surface of the first tubular member until the de^ strength characteristics are 
achieved. 

A method of forming a wellbore casing within a wellbore having desired 
strength characteristics has also been described that includes plastically defonning 
and radially expanding a first tubular member within the wellbore, and plastically 
deforming and radially expanding additional tubular members onto the interior 
surface of flie first tubular member until the desired strength characteristics are 
achieved. 

A method of couplmg a first tubular member to a second tubular member, the 
first tubular member having an original outside diaineter ODo and an original wall - 
thickness to, has also been described that includes plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically defomiing and radially 
expanding the second tubular member to a fourth outside diameter, wherein the 
inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal, and 
wherein the ratio of the original outside diameter OD, of the first tubular member to 
the original wall thickness to of the first tubul» member is greater than or equal to 
16. 

A method of forming a mono-diameter wellbore casing has also been 
described that includes positioning a first tubular member within a wellbore, the first 
tubular member having an original outside diameter ODo and an original wall 
thickness lb, plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically defonning and radially 



64 



expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to fte first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
5 diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters Of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and wherein the ratio of the original outside diameter ODo of the 
first tubular member to the original wall thickness to of the first tubular member is 
10 greater flian<H- equal to 16. 

An apparatus has also been described that includes a plasticaUy deformed and 
radially expanded tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, wherein the 
ratio of the original outside diameter ODo of the first tubular member to the original 
15 wall thickness tb of the first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically defonned and 
radially expanded first tubular member having a fiist portion having a firet outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
20 of the first tubular member. The ratio of the original outside diameter ODo of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. In a prefeired embodiment, the inside diameters of the 
first and second tubular members are substantially equal. 

A wellbore casing formed in a wellbore has also been described that includes 
a plasticaUy deformed and radiaOy expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plasticaUy deformed and radially expanded second tubular 
member coupled to the first portion of the first tubular member. The ratio of the 
original outside diameter ODo of the iSrst tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 1 6. In a preferred 
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embodiment, the inside diameters of the first and second tubular members are 
substantially equal. 

An ^atus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the 
5 original outside diameter ODo of the tubular member to the original wall thickness to 
of the mbular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
structural supports. 

10 Although this detailed description has shown and described illustrative 

embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention witiiout a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims 

15 broadly, and in a manner consistent with the scope of the invention. 
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Qaimis 

What is claimed is: 

1 . An apparatus for bridging an axial gap between opposing pairs of wellbore 
casings within a wellbore, con:q)rising: 

means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 

means for plastically defonning and radially expanding the tubular member; 

and 

means for plastically deforming and radially expanding Ac tubular member 
and the opposing ends of the wellbore casings. 

2. A method of bridging an axial gap between opposing pairs of wellbore casings 
within a wellbore, comprising: 

supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 
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1- An apparatus for plastically defonning and radially expanding a tubular 
member, con^sing: 

means for plastically deforming and radially expanding a first portion of the 
5 tubular member to a first outside diuneten and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a secmd outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 
1 0 second outside diameter. 

» 

3. The apparatus of claim 1 , wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the fiist outside 
diameter is removable. 

15 

4. The apparatus of claim 1, wherein the means for plastically deforming and 
radiaUy expanding the first portion of the tubular member to the first outside 
diameter is frangible. 

20 5. The apparatus of claim 1 , wherein the means for plastically deforming and 
radiaUy expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

6. The apparatus of claim 1, wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside 

diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

7. The apparatus of claim 1, wherein the means for plastically deforming and 

30 radially expanding Ae first portion ofthe tubular member to the first outside 
diameter is inflatable. 
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8. The apparatus of claim 1, whereiafte means for plasticaUy defomiing and 
radially expanding the firet portion of the tubular member to the first outside 
diameter includes roUing means for applying radial pressure to the first portion of 

5 the tubular member. 

9. An apparatus for plasticaUy deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 
10 an expansion c^e coupled to the tubular support member having a second 

fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
1 5 portion of the tubular member, and 

ashoe having a valveable passage coupled to an end of the expansion cone 
launcher. 



10. The apparatus of claim 9, wherein the conical sleeve is fi^gible. 

20 

11. The apparatus of claim 9, wherein the conical sleeve is elastic! 

12. The apparatus of claim 9, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

13. A method of plastically defomiing and radiaUy expanding a tubular member, 
comprising: 

plasticaUy defimning ana radially expanding a portion of the tubular member 
to a first outside diameter, and 

30 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter. 
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14. The method ofclaim 13, wherein the &st diameter is greater th^ 
diameter. 

i 

5 1 5. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion ofthe tubular member using a conical | 
sleeve. 

i 

I 

10 16. The method of claim 15, wherein the conical sleeve is frangible. 

* * i 

17. The method of claim 15, wherein the conical sleeve is elastic. 

18. The method of claim 15, wherein the conical sleeve conqjrises a plurality of 
15 arcuate elements. 

19. The method of claim 13, wherein plastically deforming and radially expanding * 
the portion ofthe tubular member conqnises: 

applying a radial force to the portion ofthe tubular member using an inflatable 
20 bladder. 

20. The method of claim 1 3, wherein plastically deforming and radially expanding 
the portion ofthe tubular member conq>rises: 

applying a radial force to the portion ofthe tubular member using a roller 
25 expansion device. 



21. A method of coupling a first tubular member to a second tubular member, 

confusing: 

plastically deforming and radially expanding a first portion ofthe first tubular 
30 member to a first outside diameter; 
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plastically defornaing and radially expanding anotber portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

22. The method of claim 2 1 , wherein the first outside diameter is greater than the 
second outside diamet^. 

15 23, The method ofclaim 21, wherein plastically deforming and radially expanding 
the first portion of the first tubular member con^rises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

20 24. The method ofclaim 23, wherein the conical sleeve is frangible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

26. The nwthod of claim 23, wherein the conical sleeye comprises a plurality of 
25 arcuate elements. 

27. The method of claim 2 1 , wherein plastically deforming and radially expanding 

the first portion of the first tubular member con^ses: 

applying a radial force to the first portion of the first tubular member using an 
30 inflatable bladder. 
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28. The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

29. An apparatus for coupling a first tubular member to a second tubular member, 
con^nising: 

means for plastically deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; ' 

means for positioning the secrad tubular member inside the first tubular 
member in ov^lapping relation to the first portion of the first tubular memben 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 
memb^ to a fourth outside diametcn 

wherein the inside diameters of the first and second tubular members after the 
plastic deforniations and radial expansions are substantially equjsil. 

30. The apparatus of claim 29, wherein the first outside diameter is greater than 
the second outside diameter. 

.3 1 . The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con^jrises: 

means for appljring a radial force to the porticm of the tubular member using a 
conical sleeve* 

32. The apparatus of claim 3 1 , wherein the conical sleeve is fi^gible. 

33. The apparatus of claim 3 1 , wherein the conical sleeve is elastic. 
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34. The apparatus of claim 3 1 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 



10 36. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

15 37. An apparatus for forming a wellbore casing within a wellbore, conqmsing: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 

20 tubular member to a second outside diameter. 

38. The apparatus of claim 37, wherein the first outside diameter is greater than 
the second outside diameter. 

25 39. The apparatus ofdaim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
30 radially expanding the first portion of the tubular member to the first outside 
diameter is fi^gible. 
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41. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

42. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

43. The apparatus of claim 37, wherem the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable, 

44. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter comprises rolling means for applying radial pressure to the first portion of 
the tubular member. 

45. The apparatus of claim 37, fijrther comprising: 

means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

46. An apparatus for forming a wellbore casing within a wellbore, con^sing: 
a tubular support member including a first fluid passage; 

an expansion cone coi5>led to the tubular siqpport member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of tiie 
expansion cone; 

an anniilar expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member; and 
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a shoe having a valveable passage coupled to an end of the expansion 
launcher. 



47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

50. A method of forming a wellbore casing wifliin a wellbore, conprising: 
si^iporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 

51. The method of claim 50, wherein fte first diameter is greater than the second 
diameter. 

52. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member conprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim 50, wherein the conical sleeve congjrises a plurality of 
arcuate elements. 
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56. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member conqjrises: 

applying a radial force to the portion of the tubular member using an inflatable 
5 bladder. 

57. The method of claim 50, wherein plastically deforaiing and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
10 expansion device. 

58. The method of claim 50, further conprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular membCT and the wellbore. 

15 

59. The method of claim 58, furthorconqjrising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono-diameter wellbore casing within a wellbore, 
20 coiiqjrising: 

supporting a first tubular member within the wellbore; 
plastically deforming and radially expanding a first portiwi of the first tubular 
member to a first outside.diameter; 

plastically deforming and radially expanding another portion of the first 
25 tubular member to a second outside diameter, 

positioning the second tubular member insid* the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
third outside diameten and 

30 plastically defonning and radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
5 second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member jcomprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

63. The method of claim 62, wherein flie iEX)nicaI sleeve is fi^ngible. 

64. The method of claim 62, wherein the conical sleeve is elastic. 

15 

65. The niethod of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of claim 60, wherein plastically deforming and radially expanding 
20 the first portion of the fu^t tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

67. The method of claim 60, wherein plastically deforming and radially expanding 
25 the first portion of the first tubular member con^rises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

68. The method of claim 60, fiirther congjrising: 

30 injecting an annular body of a hardenable fluidic sealing material into an 

annulus between the first tubular member and the wellbore. 
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69. The method of claim 68, further conqmsing: • 

curing ihe annular body of hardenable fluidic sealing material. 

5 70. The method of claim 60, further cbnqmsing: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and flie wellbore. 

I 

7 1 . The method of claim 70, further comprising: 

1 0 curing the annular body of hardenable fluidic sealing material. 

72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
1 5 first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portic«i of fte first tubular member; 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

73. The apparatus of claim .72, wherein the first outside diameter is greater than 
the second outside dimeter. 

74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con5)rises: 
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means for aj^lying a radial force to the portion of the tubular member using a 
conical sleeve. 



75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

76. The apparatus of claim 74, wherein the conical sleeve is clastic. 

77. The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radiaUy expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radiaUy expanding the first portion of the first mbular member comprises: 

means for applying a radial force to flie first portion of the first tubular 
member using a roller expansion device. 

80. The apparatus of claim 72, fiirther comfmsing: 

means for injectiiig an annular body of a hardenable fluidic sealing material 
into an annulus between the first tubular membo- and the wellbore. 

81. The^paratusofclaim80,fiffflierconpising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of claim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between Ae second tubular member and the wellbore. 
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83. The apparatus of claim 82, further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for providing a lipped portion in a portion of tiie tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

85. An apparatus for plastically deforming and radially expanding a tubular 
member, conq>rising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an annular e}q>ansion cone launcher comprising: 

a first annular portion coupled to a Iowa* portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular mmiber, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular 
member. 
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87. A method of coupling a fiist tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first 
tubular member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 
plastically defonning and radially expanding the second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
conqnising: 

means for providing a lipped portion in flie first tubular member, 
means for plastically deforming and radially expanding another portion of the 
first tubular member; 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to tiie lipped portion of the first tubular member; 
and 

means for plastically deforming and radially expanding the seamd tubular 
member; 

wherein the inside diameters of the first and second tubular membCTs after the 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus ft>r forming a wellb(m casing within a wellbore, con^sing: 

means for supporting a tubular member within the wellbore; 

means fw- providing a lipped portion in Ae tubular nwmbcr, and 

nieaiis for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 
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90. An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 
5 an annular expansion cone launcher conprising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
1 0 outside diameter; and 

a fourth annular portion coiqjled to the third annular portion having a second 
outside diameter, 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
15 expansion cone launcher 

91. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular memb^ within the wellbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 

member. 

92. The method of claim 9 1 , further con^rising: 
injecting a hardenable fluidic sealing material in an annulus between the 

tubular member and the wellbore. 

93. The method of claim 92, further comprising: 
curing the fluidic sealing material. 

94. A method of fomfiing a mono-diameter wellbore casing within a wellbore, 
comprising: 
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supporting a first tubidar member within the wellbore; 
providing a lipped portion in a portion of the first tubularmember; 
plastically deforming and radially expanding another portion of the first 
tubular member, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the Upped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94, fiirther comprising: 

injecting a hardenable fluidic sealing material in an annulus between the first 
tubular member and Ae wellbore. 

96. The method ofclaim 95, fiirther conq)rising: 
curing the fluidic sealing material. 

97. The method of claim 94, further conprising: 

injecting a hardenable fluidic sealing material in an annulus between the 
second tubular member and the wellbore. 

98. The method of claim 97, fiirther comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
conqmsing: 

means for i»t>viding a lipped in the first tubular member; 
means for plastically deforming and radiaUy expanding another portion of the 
first tubularmemben 
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means for positioning the secx)nd tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular , member, 
and 

means for plastically deforming and radially expanding Ae second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

100. The apparatus of claim 99, further conqjrising: 

means for injecting a hardenable fluidic sealing material in an amulus between 
the first tubular member and the wellbore. 

101. The apparatus of claim 100, fmlherconqirising: 
means for curing the fluidic sealing material. 

102. The apparatus of claim 99, further conqmsing: 

means for injecting a hardjOiable fluidic sealing material in an annulus between 
the second tubular member and the wellbore. 

103. The apparatus of claim 102, further cong>rising: 
means for curing the fluidic sealing material. 

104. An apparatus for plastically deforming and radially expanding a tubular 
member, corr5>rising: 

means for plastically deforming and radially expanding a first end of the 
tubular member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. 

105. The apparatus of claim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 
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106. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcho*; 

a shoe coupled to another end of the anniilar expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member, 

wherein the annular ejqjansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular membo-. 

108. The apparatus of claim 106, fiirther conqjrising: 

an anchoring member coupled to tfie tubular suppwt member adapted to hold 
the expandable tubular. 

109. A method of plastically deforming and radially expanding a tubular member, 
conqrrising: 

plastically deforming and radially expanding a first end of the tubular member, 

and 

plastically deforming and radially expanding a second end of the tubular 
membCT. 
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110. The method ofclaim 109, further comprising: 

anchoring the tubular member during the radial expansion. 



5 1 1 1 . The method of claim 109, wherein the first end of the tubular member 
plastically deformed and radially expanded before the second end. 
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1 1 2. The method of claim 109, plastically deforming and radially expanding the 
second end of the tubular member comprises injecting a fluidic material into the 
10 tubular member. 



1 13. A method of coupling a first hibular member to a second tubular member, 
comprising: 

positioning the second tubular member inside the first tubular member in an 
15 overlapping relationship; 

plastically deforming and radiaUy expanding the end of the sec<»id tubular 
membo- that overiaps with fte first tubular member; 

plastically defoiming and radially expanding the remaining portion of the 
second tubular member. 

20 

1 1 4. The mefliod of claim 113, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

25 115. The method ofclaim 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 16. An apparatus for coupling a first tubular member to a second tubular member, 
conqjrising: ' ' - 

30 means for positioning the second tubular member inside the first tubular 

member in an overla^qjing relationship; 
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means for plasticaUy defonning and radially expanding the end of the second 
tubular member that overlaps with the first tubular member; 

means for plastically defoiming and radially expanding the remaining portion 
of the second tubular member. 

5 

117. The apparatus of claim 1 1 6, fiirther comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular membw. 

10 118. The apparatus ofclairal 17. A^erein the inside diameters ofthe first and 
second tubular members aie substantiaDy equal after tHe radial expansions. 

1 19. An apparatus for forming a weUbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first end of the 
tulHilar member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. 

20 120. The apparatus of claim 119, further comprising: 

means for anchoring the tubular member during the radial expansion. 

121. The ^aratusofclaim 119. further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
25 between the tubular member and the wellbore. 

122. An apparatus for fornmg a wellbore casing within a wellbore, comprising: 
a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
30 fluidicly coupled to the first passage and an outer conical surface; 
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an annular expansion cone launcher mpvably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcho-; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passa^; and 

another annular expansion cone movably coupled to the tubular support 
memben 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially . 
expand a second aid of the expandable tubular member. 

124. The apparatus of claim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 



20 125. A method of forming a wellbore casing within a wellbore, comprising: 

plastically deforming and radially expanding a first end of the tubular member; 

and 

plastically deforming and radially expanding a second end of the tubular 
member. 

25 

126. The method of claim 125, fiirthcr cornprising: 
anchoring flie tubular member during tfie radial expansiwi. 

127. The method of claim 125, wherein the first end of the tubular member is 
30 plastically deformed and radially expanded before the second end. 
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128. He method of claim 125. plastically deforming and radially expanding the 
second end of the tubular member comprises injecting a fluidic material into the 
tubular member. 

5 129. The method of claim 125, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 
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130. A method of forming a wellbore casing within a wellbore, comprising: 

plastically defonning and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 
overlapping relationship; 

plastically defonning and radially expanding the end of the second tubular 
15 member that overlaps with the first tubularmember, 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

131. The mettiod of claim 1 30, iurther conqjrising: 

20 plastically deforming and radially expanding at least a portion of the second 

tubular member. 

132. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

25 

133. The method of claim 130, finlher comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
. tubular member and the wellbore. 

30 134. The method of claim 130, further comprising: 
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injecting a hardcnable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

135. An apparatus for forming a wellbore casing within a wellbwe, con5)rising: 
means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 

means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship; 

means for plastically deforming and radially expanding the end of Ae second 
tubular member that overlaps with the first tubular member; 

means for plastically deforming and radially expanding the remaining portion 
of the second tubular member. 

136. The s^paratus of claim 135, further conqmsing: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

137. The apparatus of claim 136, wherein the inside diameters of the iBrst and 
second tubular members are substantially equal after the radial expansions. 

138. The apparatus of claim 135, further conqjrising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 

139. The apparatus of claim 135, further con^siiig: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubul^ member and the wellbore. 

140. An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore, comprising: 
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means for supporting a tubular member in overlapping relation to the opposing 
ends of ttie wellbore casiiigs; 

means for plastically defonning and radially expanding the tubular member; • 

and 

5 means for plastically deforming and radially expanding the tubular member 

and the opposing ends of the wellbore casings. 

141. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, conphsing: 

1 0 supporting a tubular member in overlapping relation to the opposing ends of 

the wellbbre casings; 

plastically deforming and radially e^^anding the tubular member, and 
plastically deforming and radially expanding the tabular member and the 
opposing ends of Ac wellbore casings. 

15 

142. A method of forming a structure having desired strength characteristics, 
conqnising: 

providing a first mbular member and 

plastically deforming and radially expanding additional tubular members onto 
20 the interior surfece of the first tubular member until the desired strength 
characteristics are achieved. 

143. A method of forming a wellbore casing within a weUbore having desired 
straigUi characteristics, comprising: 

25 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically defonning and radiaUy expanding additional tubular members onto 

*e interior surface ofthe.first tubular member until the desired strength 
characteristics are achieved. 

30 
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144. A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original wall 
thickness to, conqjrising: 

plasticaUy deforming and radially expanding a first portion of the first tubular 
memb^ to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
tubular number to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and nwJially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

145. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness to; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of (he first 
tubular memb^ to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 
•overl^jping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 
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plastically deforming and radially expanding fee second tubular member to a 
fourth outside diametier; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 
5 wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

146. An apparatus, conqnising: 

10 a plasticaUy deforaied and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining pwtian having a secwid 
outside diameter, 

wherein fee ratio of fee original outside diameter ODq of the first tubular 
member to fee original wall feickness to of fee first tabular member is greater than or 
15 - equal to 16. 

147. An apparatus, con5)rising: 

a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remainmg portion having a second 
20 outside diameter, and 

a plastically deformed and radially expanded second tubular member coupled 
to the first portion of fee first tubular member; 

wherein the ratio of fee CMigina] outside diameter ODq of fee first tubular 
member to fee original wall thickness ^ of fee first tubular mwnber is greater fean or 
25 equal to 16. 

148. The apparatus of claim 147, wherein fee inside diameters of fee first and 
second tubular members are substantially equaL 

30 149. A wellbore casing formed in a wellbore, comprising: 
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a plastically defonned and radially expanded first tubular member having a 
first portion having a first outside diameter .and a remaining portion having a second 
outside diamet^; and 

a plastically deformed and radially expanded second tubular member coupled 
5 to the first porticm of the first tubular member, 

wherein the ratio of the original outside diameter ODo of the firet tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

10 150. The casing of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, conq)rising: 

a plaistically deformed and radially expanded tubular member; 
1 5 wherein the ratio of the original outside diameter ODo of the tubular member 

to the original wall fliickness to of the tubular member is greater than or equal to 16. 
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